This study examines supply chain structures and inter-organizational relationship factors that influence the supply chain performance in the Australian beef industry. It investigated the extent to which aggregated relationship strength is a source of supply chain performance for the industry. The effect of antecedent factors such as vertical coordination, negotiation power and the use of IOS in the relationship strength were also investigated. Data were collected through a telephone survey in 315 firms including input suppliers, producers, processors and retailers in the beef industry of Western Australia and Queensland. The results support both the direction of theoretical underpinnings from RBV and TCE in the beef industry, that durable buyer-supplier relationships in the supply chain are developed from the level of commitment and trust, interdependence and mutual investment and can be a strategic economic resource to by-pass the cost of traditional market transactions. Results suggest the following key success factors for the beef industry in Australia: (a) the operational adoption of a lean supply chain between producer and processors or processors and retailers; (b) a transparent interdependent relationship with a strong consolidation/integration of business activities; and (c) synchronized information flows for greater compliance with carcass specifications in the supply chain.
INTRODUCTION
Supply chain management (SCM) in the Australian beef industry relates to all the linkages from the primary producers to the final consumers in the production and distribution of goods such as the management of producers, feed-lotters, slaughterers, processors, wholesalers and retailers in the beef industry. Supply chains in the Australian beef industry have been based on market arrangements with operations production pushed and often adversarial for which producers do not gain any insight to their customers as they are isolated from the rest of the food chain. Likewise, processors are lacking innovative initiatives to develop a product and the business with the producers while a low trust environment between the two often exists (O'Keeffe 1998; WY and Associates 2009) . Studies found that these are the key issues affecting the performance, competitiveness and success of the industry, highlighting the need for improved information flow and relationship structure in the whole of supply chain participants (O'Keeffe 1998; Uddin, Quaddus, and Islam 2010) .
Based on the above, three objectives were pursued in the research. First, we examine how supply chain structures and the use of inter-organizational systems influence inter-firm relationship strength and SC performance in the Australian beef industry. We use two constructs -'negotiation power' and a higher order concept 'vertical coordination' to explore the current supply chain structures and their effects on the industry. Second, we examine the elements of relationship strength within the supply chain environments of the beef industry in two Australian states; Western Australian and Queensland. Using four elements of relationships in a higher order formative construct, we examine their individual contribution to forming relationship strength. Finally, we investigate the extent of strength of the aggregated relationship as a source of supply chain performance for the industry.
The next section presents the research background theories, and hypotheses. The research model and methodologies are discussed then, followed by a discussion of results. Finally, the paper concludes with a listing of implications from the results.
CONCEPTUAL BACKGROUND AND HYPOTHESES

Vertical Coordination in the Supply Chain Relationship
Transaction cost economics (TCE) is the most widely used theoretical lens for analyzing the development and impact of relationship structures and their governance in a food supply chain (Hobbs 2000; Williamson 1975 Williamson , 1985 . Based on the work of Williamson, studies have suggested that the methods of vertical coordination (VC) range from spot market, specification contracts, relation-based alliances and equity-based alliances to vertical integration. Often, it is argued that the time and costs involved for detecting a suitable buyer/seller, the quality and price of the saleable products are the reasons for more vertical coordination by circumventing the marketplace. Lawrence, Grimes, and Hayenga (1998) argued that quality of a product is one of the major concerns, especially in the meat industry, and requires an integrated information flow given that open markets are only very limitedly able to pass on quality-related information in food chains. TCE also recognizes that imperfect, incomplete or asymmetrical information between supply chain partners may increase opportunistic behavior and transaction costs. Finally, as one of the key variables in TCE is the degree of asset specificity, many authors argue that if the specific investment increases the spectrum of vertical coordination, there may be a move towards a more formal type of relationship such as vertical integration in the supply chain (Hobbs 2000; Peterson and Wysocki 1997; Williamson 1975 Williamson , 1985 . The result may be use of strategic alliances or long-term contracts or full vertical integration depending on the asset specific investment made by one party, or both, in a mutually agreed case for serving special market segments. Therefore, we hypothesise that H1: The level of 'vertical coordination' in a supply chain positively influences the level of 'relationship strength' of the Australian beef industry. H2: The level of 'vertical coordination' in a supply chain positively influences the level of 'SC performance' of the Australian beef industry.
Negotiation Power in Supply Chain Relationships
Power is defined as the ability of one firm to influence the intentions and actions of another firm (Maloni and Benton 2000) while negotiation power is related to the capacity of one party to influence others due to its size or status. Researchers have applied different power bases in supply chain relationships and found direct implications of power circumstances in a supply chain that have a significant affect on inter-firm relationships, and consequently, on chain performance. Studies suggest that there are specific supply chain power circumstances based on commitment, dominance and interdependence for which different relationship management approaches emerge. The current study assumes that to play a consequential role in the formation and maintenance of supply chain relationships, a firm should have some degree of negotiation power that may come from its cooperative arrangements, larger market share and/or brand penetration. A positive pro-active supply chain relationship is only enforceable, or be likely to emerge, when there is consistent direction in dominance or interdependence among the chain participants (Revell and Liu 2007) .
Based on the above discussion we develop the following hypothesis: H3: 'Negotiation power' in a supply chain positively influences the inter-firm 'relationship strength' of the Australian beef industry.
IOS Use in Supply Chain Relationships
Researchers have agreed that the use of inter-organizational systems (IOS) such as electronic data interchange (EDI), webbased procurement system, electronic trading system or supplier relationship management system can enhance coordination of the supply chain members, enhance information transfer and sharing and can reduce inter-firm transaction costs (contract, control and monitoring costs). Many researchers have used the framework of RBV (Resource-based view) to assert the contribution of IOS as an infrastructure and strategic resource that can provide greater scope for organizations to exploit their individual capabilities (Barney 2002; Borman 2006 ) such as strengthening the inter-firm relationship. IOS influences relationship strength because it can be a determinant of the level of trust, commitment and interdependence of supply chain partners (Ali, Kurnia, and Johnston 2007) . It provides a link among the sources of information at different relationship levels and creates wider breadth and depth of information flow (Alavi and Leidner 2001) . Based on the above discussion following hypotheses are developed H4: The level of 'IOS use' in a supply chain positively influences the level of 'relationship strength' of the Australian beef industry.
H5: The level of 'IOS use' in a supply chain positively influences the 'SC performance' of the Australian beef industry in the Australian agri-food industry.
Relationship Strength and Supply Chain Performance
A large part of SCM literature consists of managing competent inter-firm or inter-organizational relationships such as alliances or partnerships in a supply chain to gain competitive advantage and firm performance. It has been argued that high quality relationships can be based on willingness to invest and it may have greater trust, commitment or interdependence with the notion of continuing it for a longer term for a greater cost saving in SC transactions. The lack of emphasis in supply chain relationships may decline competitiveness in the marketplace while cooperative planning and information sharing in the relationship may lead the entire chain to being a source of strategic competitive advantage (Clare, Reid, and Shadbolt 2005) . In the agricultural industry chain, O'Keefe (1998) termed it as 'co-operating to compete', pointing to the shift of competition from firm versus firm to chain versus chain, wherein a firm can run more competitively if they work together within a supply chain in a cooperative environment. Thus, a coordinated supply chain relationship can reduce the risk and uncertainties in transactions and provide many returns such as lower product and/or service costs, enhanced quality and innovation, and a better firm performance (Golicic, Foggin, and Mentzer 2003) . Based on the above discussion, it was hypothesized in the current study that perfect synergies of economic and behavioral factors such as reciprocal investment, interdependence, trust and commitment are related to the inter-firm relationship strength and will influence the performance of the beef industry, as follows:
H6: The 'strength of inter-firm relationships' in a supply chain positively influences the 'SC performance' of the Australian beef industry.
THE RESEARCH MODEL
The operational model is designed according to the hypotheses. It is developed and tested using the partial least square (PLS) based structural equation modeling (Chin, 1998) . Figure 1 presents the latent variables and the hypothesized structural relationships between predictor and predicting variables. The factors 'vertical coordination', 'negotiation power' and 'IOS use' were designed as exogenous variables that influence 'inter-firm relationship strength' and 'SC Performance', while the emanating path from 'relationship strength' was designed to investigate the extent to which it is a source of SC Performance.
At the construct level, there are three second order multidimensional latent constructs named as 'Vertical Coordination', 'Relationship Strength' and 'SC performance' modelled as being caused by their first order latent variables or sub-constructs. A second order construct was modelled as being at a higher level of abstraction and created using linear composites from the items used to measure each sub-constructs (Rai, Patnayakuni, and Seth 2006) .
Survey Procedure and Sample
The current study used a combination of field study, expert reviews and pilot study methods for developing the questionnaire and pretesting the survey.. After making necessary adjustments to the questionnaire and the measures, final data are collected using a computer-aided telephone interviewing system (CATI). A seven point Likert scale ranging from 'strongly disagree' to 'strongly agree' or 'Never' to 'Always' is used without mentioning any mid-point. Sample respondents were categorized as beef-cattle producers, processors, retailer/exporters, wholesalers and input suppliers. A minimum of 30 and a maximum of 100 responses were targeted for each of the three main categories of producer, processor and retailer firms (one response per firm with the person holding the highest position) in each of the two Australian states: Western Australia (WA) and Queensland (QLD). Thus, 315 responses from the beef industries in WA and QLD in Australia were eventually obtained. The responses showed that majority (43.2 %) of the firms were producers, processors (28.9 %) and retailers (21.9%); the remaining firms were wholesaler and input suppliers.
DATA ANALYSIS AND RESULTS
Partial least squares (PLS), a confirmatory second-generation multivariate analysis tool, was used to test the hypotheses. The following two required steps for data analysis in PLS were conducted using PLS-Graph version 3.0.
Assessment of the Measurement Model
The individual item reliability was assessed by examining the loading or simple correlations of the measures with their respective constructs. The initial model was tested using 32 observed variables. The results of the initial model showed that four items had loadings below the acceptable standard (less than 0.6) which were removed from further analysis to improve the item reliability. Result also showed that all the latent variables have acceptable internal consistencies of above 0.7 and an AVE (Average Variance Extracted) over 0.5 (Barclay, Higgins, and Thompson 1995) . We also checked the discriminant validity of the constructs and found that all the variables demonstrate acceptable performance on this basis. To measure the second-order formative constructs, linear composites of the items measuring each of the first-order constructs was used as a formative indicator. The result indicated that all the first-order constructs, except that the contractual arrangement, have a significant formative weight for their respective second-order construct.
Structural Model and Test of Hypothesis
The coefficient of each hypothesized path and its corresponding t-value obtained from the 100-sample bootstrap procedure in PLS are shown in Table 1 . It reveals that all of the paths, except the effect of IOS use on SC performance, have a significant loading (standardized βs) and t-values and thus provides support for the hypotheses at P <0.000 and P <0.001 level. The results reveal that negotiation power is the strongest predictor of relationship strength, followed by vertical coordination and IOS use across the supply chain. As the PLS result establishes the relative importance of the antecedent constructs by calculating all the indirect and direct effects of the latent construct (Barclay, Higgins, and Thompson 1995) , results show that the total effect (indirect + direct) of 'relationship strength' strongly and significantly influences the supply chain performance in the industry.
DISCUSSION AND IMPLICATIONS OF THE RESULTS
The factors relevant to developing competent inter-firm relationships and their effect on a supply chain performance have been the focus of the paper. Six hypotheses were tested and the data supported acceptance of five of them. The findings revealed that, given the affect of all the antecedents and lower-order constructs, inter-firm relationship strength has a strong positive influence on supply chain performance (H6). The findings have significant implications for the improvement and management of the beef industry in Australia; the supply chain needs to be focused and leveraged to create performance gains by more formalized vertical interactions between the producers, processors and retailers.
The two hypothesized relationships (H1 and H2) of vertical coordination and relationship strength and vertical coordination and supply chain performance were strongly supported; they showed important implications: the level of coordination such as the sales and distribution of products, information sharing and asset specific investment; and, that the level of formalized transactions such as short-term and long-term contracts rather than open market transactions are significantly important in organizing and governing a vertical relationship. The evidence also support that vertical coordination can integrate supply chain members and can improve the information flow given that to a very limited extent, open markets are able to pass on quality-related information in food chains. For example, based on current market trends, a beef producer may need advance information on feeding, animal health and biological attributes of the product to make necessary adjustments in farming methods that lead to carcass development within a targeted range of quality and cost. On the other hand, processors and retailers need to know the quality attributes and markets of the products with detailed information about where and how the product was produced. Vertical organization and information sharing can integrate such knowledge from many different individuals in the supply chain and can provide a basis for a better performance of the supply chain.
The support of the hypothesis H3 between negotiation power and relationship strength is consistent with the literature, that without a bargaining or market power it is difficult to develop a lean partnership of associated trust, commitment and interdependence, especially where large firms extract as much value as possible from the supply chain transactions. The result has implications because of the nature of the beef industry power structures in WA and QLD and, generally, overall in Australia. The retailing chain in the Australian domestic market is dominated by the top two supermarket retailersWoolworths and Coles -both at the national and state levels. Together they maintain more than a 50 percent share of the market, which gives them the ability to dominate market prices (WAFarmers 2009). On the other hand, the vibrant export market for Australian beef has helped some processors, particularly in QLD, to dominate the processing sector and reduce some of the market power of supermarket retailers. Thus, overall, the Australian beef market has a high concentration of market power at the processor and retailer levels and is buyer dominant. At the same time, the relative power of farmers/producers typically depends upon supply scarcity. Unless they are in a long-term interdependent relationship, farmers tend to become price takers when there is sufficient supply. In this kind of buyer-dominated market, Cox and Chickland (2008) suggested that operational adoption of a lean supply chain is unlikely to be successful. Instead, it is feasible to develop lean partnerships between retailers and major processors or the processor and farmers where farmers and processors can get higher net returns by greater compliance with carcass specifications, alignment with market needs and by guaranteed supply.
The research model has provided strong support for the role of IOS in enhancing the level of relationship strength (H4) and have implication that IOS can be used to develop more cooperative and long-lasting relationships in the supply chain as it enhances access to the sources of knowledge, creates greater breadth and depth of information flows and develops other organizational competencies. But the data did not support the other hypothesized relationship (H5) between IOS and a supply chain, which is counterintuitive and contrary to what was expected according to the literature, although, this is not the only study where the uses of IOS in performance and competitiveness have being questioned. Based on empirical evidence, some studies claimed that IOS, especially EDI (Electronic Data Interchange), does not create differential benefits to firms and that vertical information sharing may not always increase the benefits (Premkumar 2000) . It is argued that IOS by themselves cannot produce sustained performance advantages unless pre-existing complementary human and business resources are exploited in an integrated way as indicated by RBV (Powell and Dent-Micallef 1997) . The implication from the overall findings, therefore, suggest that IOS use can produce sustainable advantage in supply chains when used as a complementary business resource in the presence of strong inter-firm relationships and information sharing attitudes. For improved information accuracy and improved ordering, processing and distribution of goods in the supply chain, the level and adoptability of IOS should be matched with the existing intimacy of the relationships and in the context of the beef supply chain.
Finally the model provides strong evidence that inter-firm relationship strength can strongly influence supply chain performance in the Australian beef industry. The result is consistent with the literature that a strong inter-firm relationship is considered as a value-creating strategic/economic resource that can contribute to firm performance. Relationship strength, based on joint ventures, interdependence, commitment and trust, enhances business transactions, minimizes the cost structure and improves the productivity and profitability of firms. The outcome is consistent with the literature that a long-term relationship emerges when one partner depends on another in a unique way and exhibits strong trust. Ultimately, this reduces costs over time at a rate comparable to sales growth (Clare, Reid, and Shadbolt 2005; Maloni and Benton 2000) . For example, a committed and trusted long-term relationship can avoid the costs of monitoring true quality of beef, can reduce lead-time in sourcing and can ensure greater consistency of meeting market specifications. Thus, the empirical evidence of the impact of relationship strength and a deeper understanding of the elements of relational exchanges from this study have practical implications for emphasising relationship factors and improving the performance of a supply chain in the Australian beef industry.
CONCLUSION
This study examines how supply chain structures and inter-organizational relationship factors influence SC performance in the Australian beef industry. Using four elements of inter-firm relationships in a higher order formative construct, we investigated the extent to which the aggregated relationship strength is a source of supply chain performance for the industry. Results support both the direction of theoretical underpinning from RBV and TCE in beef industry in that durable buyersupplier relationships in the supply chain indeed develop from the levels of trust, commitment, interdependence and mutual investment; and that they can be a strategic weapon and economic resource to by-pass the cost of traditional market transactions. The operational adoption of a lean supply chain between producer and processors or processors and retailers, a transparent interdependent relationship with a strong consolidation/integration of business activities, and a synchronized information flow for greater compliance with carcass specifications in the supply chain are identified as key success factors for the beef industry in Australia. 
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